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‘1’his papcv dcscriks  IIIC mc of Qualily  1 hndion  lkploymcmt  (Ql~l)), adapted 10
rcqu irc.mcn[s cnginccritl?, for a soft ware intensive sys(cm development prc~jcct,  and
syn[hc.sims the lcssms lcarIIcd  from the app]icat ion of Q];]) to tlIc Nc[woIk  {kmtrol
System  (NCS)  prc-project d the 1 kc]) Space Nctw(wk (1 XN).

‘1’hc  sclcdim d Q] ‘J 1 shrk(i  by rccognizfing  tha[ “quality” means customer sa[isfac[  ion will]
the prodmt.  ‘lh app]ica[ion  of Q] ‘l) 10 the fronl-cnd  of the lifccyclc  was lmil[ upm the
pmnisc  that it is an cffcctivc  tcclmicpc  for hlcorporat  ing, customer rcquircmcnis  jnt o
produd  design,  it) such a way that a his[ory of il npmvcd  Jllo(lIIc[-lclc:Iscs  could be
acl)icvd  and quantifiahlc  relationships could h cs[ablishcd  l}c.twccn  customer s:itisfaction
and tlIc high -lcvc] spccifk.ations  of a c{~l I]illllllic:l[  iolls-:lil(l-c  oIltt’C)l”  system.

Against this backp,rmnd,  tk adaptation of Ihc Q] d ) kchniquc  fmuscd mainly On cxplminp,
the ll~c:lslllclllcIlts  of sof[warc.  bchavjor  ( or, performance clmtactcris[ics)  aIKl m msming
the degree  of complctctmss  (or apj )l(~]>li:llcl]css)  of hig,h-level spccificat  ions, whi IC
facilitating tlm analysis and (Icsiga  ae.tivitics  of tlm l)]()(ll]ct-(icl’cl()  l)l]lc]lt team. Whcvc
IKXXICX1,  Q] ‘l) was coupled with other tcchniqucs,  such as YmIIdoI1’s  mcthodolop,  y.

lnttwluction

1 )cvcloping  an i]lfc)rlll:llioll-systcl)l  product has never bccm an cmy  task, whether from the
ground  up or from a ]cgacy  systcm.  I;rom the ]>r(~(lllct-]llittlllitlg,  pcrspcctjvc,  such systc.m-
dcvc]o]wnc.nl :ictivitic.s  range from llll(]C]’s(:ll)  (]ill/,  and capturing cllslolml’  ncds at tlIc
tli:,lm[ lCVC1 to Ll]~(lclstiit~(lillg  produc[ rcquircmu](s  and controlling at the lowest level
tlmc syslcI1l-]}crforlll:itlccJ  parameters that dircc.tly  conltilmte  to custolncr  re(lllirc.l~~cl~ts.
“1’l]is  paper  dcscxitm  the applicatim of tk Qaalit  y 1 ‘unction 1 X@oymcn[ (Q]’1 )) tc.ehniquc
(o SUCJI a ]>lo(lllct-]>l:lt~t~il~g  cmvimllmmt  (or, prc-projcd  phase) for the NctwoIk  [lmtrot
Systcm  (NCS)  of the ]k]) S]MCC  Net work  (] XN).

At the time  of’ tlm N(”X prc-projcd,  NASA was planning to cv:i]uatc oppmluniticx  for
agency- wide.  c.onsolidat  ion and c.xpandcxl  comnmci  al i M ion of space- missjon  opcrat ions.
III suppml  of this ncw NASA horjmn,  tlIc IXN al the .lct Propulsion 1,aboratory  (J}’], )
statld  to cvalualc  ncw cmccpts for more auton(mmts  spcc opcm[ions.

‘J’hc  IIusincss  Ciisc

in tllc cummt  approach to space operations and ]nission cxm(tol, at) :II(~LIII(l-llIc-clc)ck
opc.rations team is nccdcd  for each IMN  col~lll~lll~ic:lti[)l~s  link to carry out 01) the. g,roLInd a
variety of functions, such as lXN-wjdc rc.somcc schdulitlg,  sj~:icccl’:lft-cc)  ll~t~~zlll(ljt~g,
spacckift tracking am] navigation, nmnilorjng  tlIr slab-of-hcal[h of lhc spat.ccrafl ad
tclccc)llltllltllic:  itiotls  link during  a pass, cnsut”ins  corrccl  functionin~,  of all spamcrafl  aIlcl
g,round cqujpmmt,  [inci comlinating failure recovery actions or “w’c)lk:itc)lltlcls.”  ‘1’his
llllll];itl-lcsolllcc-iiltcllsil~c  approach is bcmming  ICSS and less viab]c in the future duc 10 ( 1 )
a desire to optimim  the utili7ration  of IXSNT aperture, (2) a dcsim to accommda(c  l)ritmipa-



]Ilvcstip,ator (1’1)-cc~lltlc)llc{l  missions, (3) a desire 10 accwl))mmhik  kc]) space lnissiom
wi[h significant round-trip lig,ht-time cc~lllll~llllic:~tiolls  delays, and (4) a desire to limit (}K
opcwt  i ins-t mm and 1 NN OVCWI1 I operational CWS[S.

in ihc ncw concept of lXN opcra(ions  ([o 1X ac.l~]alinxl  via the NCS),  tlm sta(cci
]llt)gi:lllllll:ltic  goa]s arc to cmblc  a ml aIlnual savings of scvcml minim (io]lars  itl
opcratims  costs  :md 10 rccovcr  [k illlJ)lclllctlt:i[iol]  cos[s ovm a four-year pnybdd  period.
‘]’!m scope of I]K! prc-px~jcct phmc. invoJvcs (JIC cs[ab]ishnlmt  of customer ncxxis  (or
I’c’(]llil’c.ll  lc.jlts) and t} IC comcpt LI:I1 design of a IICW rvdwork-umt  roJ s yskm 1]1:11 cm bc
mpidl y dc.vc.lope.d ald deployed withi II ON yCHI of cmmpl  LM1 -(lcsi~,tl-colllJ~lct  cd.

‘1’he Sclcdion  o f  QF1)

Afkr smnc  doses of’ ‘1’dal Quality Managcmcn(  (’iQh4) lc.l~:ll~ili[:iti(~ll,  scvcml of m at J1’1,
by IIOW bcJicvc tJIat the INOS[ jmpm”[:m[  step in p odud J)]anning  is (o figw’c ouf who our
cus[omcr(s)  is/we. 1 lnfor[unatc]  y, this is HSWIJ1 y llardcr  [km  it sc.cms at first p,lancc. Af’tc.r
a fc.w wccls of systmn-analysis  :{ctivitics  [htd did IIOt yield any :igrccab]c set of cus[omcm
or cuslomc.r rcqllircmcm[s,  it bcc:mc  compelling that rcquircmcnts  dcfinitim  is a very risky
hlsincss  - csJmially  when cvcIyoIN  wants  10 SK a “smarl systc.m”  that con[rols  cvcry[hing
yet is c.asy to o]mratc but cannot  tot:Illy displace tlIc worker.

‘J’IIC sclcc(ion  of <)1~1 ) st~irtcd  by rc.c.ogni~ing  that “quality” means cuslomcr  Misfaction wi[J)
[JK ]M’oduc[.  Ad(ii[ional]y,  the QJ ~Jl appoach  s[aIIds ou[ as onc that systcmatiz,m ‘lQM,
Whcll c. OlnJxlld  to Otllc.r  Icchniqucs  or mcthmls  foI rcquirc]mj](s  dcfitli{ioil.  ~)] (j)
inlmduccx  quality, in(lml,  as Cal”ly  as in the J’c(Jllil’cmcllts  J)]MSC  (or “ll]Mtl’C.:UIl”)  al)(i
thIolIgJIoLII  every produd  dcvcJopmcHt  sl+y. h401c ilnJmlant]y, ‘{quality” is prescntccl
from [k c.ustomcr’s  Jwrspcc.tivc.,  ill the CLISIOIIKU’s  “language” -- as opposed to (1K
dcsi~ncr’s  or cn~inccring  JmsJxW i vc. ‘1’JIc goal of Q] ;J) is to dcjJJoy  lJ~is  CLIS1OIIW.I’S

pcrsJmctivc (also IIMCITCd  to m Voice Of tbc Cuslomcr,  or VOC,  or custo  IImI
l’c(lllitcl~~cl~ts)  throughout  (IIC produc.1’s  tcchnid  rcqllircmcnts  :Ind sJmcifications in :111
cxJJlicit  atd syslcnvitic  manner. ‘1’hc. mapJ>in:,  of design fc:tturcs or cssmtial plodLIct-
fc:iturcs to tlmsc cusl(mm  rcx]uirclncnts  bccoms a pivot:~l  factor  for <)1 (1>’s  Io]c in
(iclivcritlg  IIig,h-qualily  pmimls,

1 “or the N(X Jm-projcd  phase, a SIIMI1, cmss-ful)ct  ioml  team W:IS appointed to cnrIy OU[
llIC Q] ‘]) JMOCCSS.  SJXXifiCd]y,  tk tC;llll’S  @’@ dC]i  VCT:h]CS  :11’C []lC JJI’()(lllCt-J)  ]:illllill~
lnatricc.s,  :1S thl.x lCJ>J”CSCllt  the lllost impml:mt  tenet for estimating, the I’(MI lVXdS  of varials
customc.rs i~nd caJ)turing llmir  rcspcctivc  rc{Juircn  rots, as wcl] m for defining the kcy
rcx] ui I’cmcllts  oft he. to- t)c-(]cvc](~]>c(~  Jmduct,  ] ‘or I I Km dct :Iil  m <)]’] >, I“cfcr t o [ ] ]. A
Jlictoria]  sutnmary  of the Q] ‘]>’s  ]Iousc.  of quality  is also Jwovidcd in ] ‘ig,urc ],

once d ncw tcxhniquc  is sclcctcd,  good soflwarc.  III: III:~:,clIlc.I)t  Jmc.ticc.s rcm)ind  us that, in
spi[c of i[s Jm)misd value, a “Imvcl” dcvclopnm]t  Inc[hoddop,y  rcprmcnts  it significant
software risk clcmmt to a sof[w:ll’c-il~tcI~si\~c  systc.n]  dcvcJopmcI~t  Jwojcct,  Accordingly, a
lisk-Jnit i~, at ion dccisioll was lll:ldc!  to adoj)l <)]’]) for llli S J>l’c-pl’(!icc(  phase, and to leave
opcm tbc. oJ)tion  to choose. aJ~ altcmttivc tc.cbniquc  for [hc Jwo.led, Addi[ional]y,  lhc!
responsibility for “not J)laying  by l}IC book”  (:IS IC>COIIIIIICI)(lC(I  by l’mfcssor  Yoii Akao
l]imsclf)  anti for film-tuning the. tc.chniquc  anti ad:lJlting  it to the N(X w:is assi:,nd to a
dc.(iic:ilcd  J)roccxs  cngilmcr. ‘1’hc pmc.css  c.n~inccv  sclcc.tcxl  1’1’1’s <)1;] Xhpturc  m the tooJ
fol” t]lC J>I’OCCSS.



VVlml Made ‘1’his  QIU) App]icatioll  llnique?

II) ligl)t  of NASA’s internal pressures for s[ratc[!,ic chngcs,  [k political ]WCSSLIK  associatd
will]  l:kbw  COIIIIa CtS in dcploylncl}t  over t} Ir(cc di ffcrcllt  coultlrics,  and tlm coln])]cxilics  of
catering to an international scic.lw com]nul]ity  t}taf dots nd “dircdly  buy IISN  data
sc.rviccs”, t hc Icam members who were to i ml dc opcrat ions rc.prcscnld  ivcs were chosen
for a c.olnbination  of c.ross-fmct  ionalit y, ktmwlcdgc  aIKl cxpcricncc  wit h Ihc 1 )SN,  and
q ~ccial 1 y mpcd among  {hc.ir pc.crs  an(l non-l)i as for t hci r 1 i nc nmagcrs  or organimf  ioml
:Iffilia[ions. ‘his combination is an dxolMc  ncxwssily  for the team to stand a clHIIwc  wi[l~
IIIC olg,:ll]iz:itic~l]s  th:d  might  bc nc.gativcly  impadd  by t}Ic proposcxl  des ign ,

l’rcdid:hl  y, the <11’1  ) process quickly got Ihc te.alIJ  to ~,ct pasl the usllal  argumcn(s  hilt
what  cuslomcr  rcq Llircmmts  arc vs. WIHI[  dc.sigli  is. lnstcad,  the focus shifld  to:
(:I)  identifying and agreeing [0 what the various classes of cwstomm  arc,,  and accepting

111:11 Ilm cx[cmt  of overlap in Cm[omcr  nds slmuld  not be usc.d as the (liscrilllill:ilillg,
fwlor in the c]ass parli[ioning  ac[ivily;

( b )  ]IOW to lCVC1 (]IC VW’iOllS  CllStOIDC1’  IICC(iS;
(c) what lhc prmilld  is vs. WIN( the scrviccs  alk: (Whcll  tllc ]MO(illCt  is LISC(i  in tllc.

“lxdgrmln(i”  :1< <i mums  10 deliver scrvicc.s);
((i) how lIluch rigor  slmll(i  lx applimi  [0 the cslinmtim of custolncr  ncxxis;
(c) how 10 cnswc tlIat the Q] U) mahiccs  arc “:i(icqllak”  at capturing, tllc “csscll[iai ]Willd

fcal WCS”  that com]atc wit 1] the cuslomcr  ncc(is/rcqui rcl ncn[s;
(f) lmw to cnsmr tlm complctcncss  of a I]]inimdiist  scl of pro(iucl  ]c(jllitc]l]cllts  -- whether

Wj(]) 01 wjtl]()~lt Q] il )0

(hmbining,  the YomioIl  mctlmiology  with the Q] ’11 promss  was cri[icai  10 Ihc succcssfu]
compktion  of tlIc NCY+ cone.cptuai dcsi~n. ‘1’iIc. cunbincxi  prmcss  inclu(icxi  5 (iistiml
:K[ivilics, which arc c.mbcddc(i  along ~1 sl)irai  lmxic] itself. Of these 5 activific.s only tlIc
dcvclopmcnt  of operations sccnwios  is not inclwic(i in llIc foliowing  Ciiscussim.

1. lkfining  the. CoIItcxt

‘1’llis ddivi[y  is similar to tk (icvclopmc.nl  of the ‘1’ouIcion’s  cmtcxt  (iiagr:lm.  ‘I’l K ol~cdivc
is 10 (icfinc.  the solution  space, in terms of a lJl:Ick  box that in[crdc(s wi[h its cnvironmcmt.
‘1’im black  box is intcl](icxi  10 rcprcscnt  tiIc pmiuct  or scl~’ices-t[)-l)c-- c(~[lsll{l~c.{l hy tile cmd-
lISCI’.

‘J’his  di:igtam forms tlIc s[:uling Jmint  for (icwclopin~  tllc  conmptuai  cicsigo  of the N{X.
Sccliigllrcli  for NC S’scontcxt  diagrwn,

At this prc-]m)jcc.t phzIsc., Q] ~1) identifies tl)c kcy  :Iqmd  of N(X IIHI[ [k CLISIOHKV is
inkrcsld in frc)llltllcc.ilstoll)cr’s  pcrspcclivc  (in tl)iscasc,  tllcl)ccisiol~-l]l:lkcls)  by filiing-
in lhc columns  hca[icd “Wll:\ts’’c  )fliigLllcl. ‘J’his  consists of Clici[illp,  cxpcclcxi  cws[omcr
nccxis  (via illtcrvicws)  :itl(lcstiIl][{titlgrc:\i  cL}stoIIIcIII  cc(ls, l~i:i(lc])loyl]lcllt  scenarios 111:11
arc (icrivcxi  from the conkxt  diasram aml IIM assu IIIc.  c.xpansions  of sclc.ctcxl  cx[cmal-
il][crfacm.  llcsicics ll:l~’ill~, tllccc)lltcxt (ii:lg,l:lllli  \stllcil  \]>[}t,tl  lis:~cti\rityisl  'cry<) l: l)-
spc.cific,  f()lIll[)rc(  ict~lil(  )lltllc:  tj>]Jlic:ltic)ll[  ~ftilcQl  ;l)tcclllli(]llc,  rc.fclt{)ll]  an(i [2].

}Vllclctl  lcNCIS's:i  ]~]~lic:tti()l~is  ~llli(]Llcisi  t~tl~ccol t])lit~gc)f  tilclc\c  l-l l>l;l)~~litl~tl~c<)]:l)
IIl:llrix,  fol[llcfillillg-iil  of thcco]ulnms  IIcxiui “I1ow” ofl;ip,urc  1 (or}wmillct
Ic[lllilt>ll]cl)ls).  ‘J’hc.level-l l)lillis llsc(l,  ill(icc{i,  fol IIIc:



--



cq)tm aIKl cxmccptual  dc.sign, m will as ]tl tlmir systematic ram, lies if) a (icvclopmcn[
sLIppor[  cnvi ronmcnt,  whid I inc] udcs Q]’1 Y bad tools (for the cxplici[ and d iscipl  i ncd
il]c{)l.JJ(Jl:llic)l]  of cuslomcr  le(jLlitcl]lc.llts  into produd  design). ‘1’his woLI1ci  ncc.cssitatc
fmlhcr  bridging, 1x2 wccm Q]’1 ~-bascxi  tools and olhcr  opcrat  i(ms-scmario  (Icwcl(pwmt  and
simulation 1001s.  ‘1’hc  contributiml  of the Q] ‘11-lmd tcd]niquc  is in the fronl-cnd  of the
lwoccss, :t]]d has Jllosl  impmt in (a) enabling optilnal decision making  by the right Q] ~])
dcvclopnmt  team; (b) cnablinp,  rapi(l cttstc)lllcl-cc]][clc(l  mdcl dcwclopnmt,  clmkout,
modification, and I’C.L]SC. Mol’cmw,  rcslllls  todatc  Suggest tll:ll Q] J] ) could 1X a Vd]ll:lb]C
too] for t k cnt ire. life-cycle, for cmt roll il~g rc.qui I cmcnts  chngc.s,  ikraf ing, dcscopc-
altcmativcs,  and cap[urinp,  tk results of tlmsc decisions in a way th:d wmld positive.]y
implct sulmqucnt  ~~ll:iscs  ofclcl~clo])jllc  jlt” in sigtlificant  ways.

‘1 ‘k J’CSII ]ts l“cpollcd  ill this papa”  wcJ’c  cat”l’id  0111 by t k ]Ct ]’ropll]siml  1,aborat m“y,
~hlif’(mlia  ]llSlitlltC. Of ‘] ’dllldogy,  UIl(kJ’ fi COlltl’:id  With  t])C Nat ioJla]  AcJ’OJlaLltics  :11)(]
S]Jtlcc A(lllliJlis[r[ltioJ1.  S]>c.c.i:ii tllatlks:\J`c  givcllt()  t]lcclltircN  (; SQ]; ])tc:lfll;  :lIl(i,  it~
]xlrticu]itr  10 .lohI1 ] ,cflang,  JIIaJIagCI’ of the N(X l’rc-]~mjcxt,  f(JJ’ having  ac.ccptcxi  tlm
:llltlloJ”S  l’cCOlll JIlcJl(i:ltioJl  for llsi Jig,  QIJ1),  to ‘] ’hall:,  “j’J’illh  an(i h40Jlic:l  Wallp,  for their
imig,l)tfu]  inputs  on what “ h i c c u p s ’> they arc COJlSt2111tiy  havj  Jig, WhCJl  “app]  ying,” (J d ) 01

USill~,thC <)]J1)/~.~JltLl~C.t(J()],  :Ud t(J~:C.S2il’l,:lt3:ll’C;l  :lll(i .i(W.]lh  S]lC~if  foI’t~lCil’C (litoJ”i:ll”
assistance with this paper.

13] C~~lrlis,  13., KI:ISJICJ, 11., an(i N. lSCOC, “ A  ]iic](i Stu(iy of 7/1(’  Sofl}wt”r lk,figi~ l’t’occ,w

,/01” 1 ,({t”gc  ,Y>tvlcln.v,” (k)mm. ACM, 31,11, pp. 1?68 - 1287, 1988.
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